membrane vesicle fractions from CsCI density gradients were extracted by the Bligh & Dyer method, and by single solvent extraction with petroleum ether (3 × ). CsCI gradient fractions were also extracted with perchloric acid. One hundred microlitres of 70~o perchloric acid was added to 1 ml of a CsC1 fraction from scrapie-infected or uninfected hamster brain. Immediately, 1 ml of 0-6 M-perchloric acid was added and perchloric acid-insoluble lipids and proteins were removed by centrifugation at 100000g for 1 h at 4 'C. Supernatants were neutralized by careful addition of 0.1 M-NaOH to pH 7-2. All lipids extracted from membrane vesicles by solvent systems or perchloric acid were examined by thin-layer chromatography (TLC).
TLC solid supports and driving soh'ent O'sterns. All TLC of polar lipids, including ganglioside and glycolipid chromatography, was performed on pre-coated silica gel G (250 btm) 20 × 20 cm plates. Neutral lipids were examined using pre-coated plates of similar size and depth, except that the solid support was silica gel H without added binders. The driving solvent system for polar lipid analysis was chloroform/methanol/water (65:25:4 by vat.). Propanol/water (7:3 by vol.) was the driving solvent system for ganglioside glycolipid analysis, and the solvent system for neutral lipid analysis was petroleum ether/diethyl ether/glacial acetic acid (80:20:1 by vol.). Precoated silica gel G or H plates were washed twice with chloroform/methanol (2 : 1 by vol.) and activated by drying in an oven at II0"C for I h prior to use.
Visualization, quantification and identification oflipids. After TLC in the appropriate solvent system, lipids were visualized by exposure to saturated iodine vapour or by charring (Shands & Noble, 1980) . The amount of individual lipid was estimated using the charring scintillation method (Shands & Noble, 1980) . Neutral lipids were also visualized by fluorescence under short-or long-wave u.v. irradiation with a Model UVS1-58 Mineralight ® lamp. Glycolipids were identified by c¢-naphthol staining using the method of Siakotos & Rouser (Kates, 1975) . Gangliosides were stained with the Svennerholm, Miettinen & Takki-Luukainen resorcinol stain (Kates, 1975) . Phospholipids were stained by a modified Dittmer-Lester stain, and Marinetti's ninhydrin stain was used to identify amino hpids (Kates, 1975) . Beis-Dragendorf stain was used to identify choline-containing lipids (Kates, 1975) . Sterols and sterol esters were visualized by a Lowry ferric chloride spray (Kates, 1975) . Trace glycerolphosphatides and polar lipids associated with CsCI density gradient fractions were radiolabelled simultaneously with perchloric acid-soluble proteins (Greenwood et al., 1963) . Lipids that were radiolabelled with ~2~1 were examined using TLC and the polar lipid driving solvent system. TLC plates were visualized by autoradiography.
U.v. absorption spectra. Neutral lipids were extracted from CsCI fractions by washing with petroleum ether (3 x ). The extracted neutral lipids were dried with sterile nitrogen gas, brought to a known volume in spectroscopy grade hexane and examined for u.v. absorbance. The major neutral lipid associated with CsCI fractions was parUally purified by normal phase HPLC on a DuPont Zorbax Sil column with 0.1 ° o ethanol/hexane solvent (Nelson. 1975) . Partially purified neutral lipid was examined for its u.v. absorbance spectra in hexane.
Sensitivity to alkaline hydroO'sis. Sensitivity to base hydrolysis was performed as described previously (Kates, 1975) . Extracted lipids from various fractions were subjected to mild alkaline hydrolysis and untreated lipids were compared to base-treated lipids by TLC using the appropriate support and solvent driving system as described above.
Effects ~?l soh'ents, dioxane, attd lipid-binding antibiotics on scrapie inJectiviO'. The effects of Bligh & Dyer and butanol extraction on scrapie infectivity associated with membrane vesicles was examined. Biomolecules (nucleic acids, proteins, carbohydrates, and complex glycolipids) that partitioned into methanol-water after extraction were dialysed for 3 days against water at 4 ~C to remove traces of methanol. Samples were concentrated in a Savant Speed Vac Concentrator @ and bioassayed for infectivity. Membrane vesicles were also washed once with butanol or pentanol. Traces of solvents in the water layers were removed by dialysis before concentration of the samples for bioassay.
The effect of petroleum ether washing on scrapie infectivity associated with CsC1 fractions was determined using procedures similar to those for butanol. The effect of dioxane treatment on scrapie infectivity was determined by adding 10°-o, 15°-~, or 25 °. o (v/v) dioxane to samples from CsCI gradients. Samples were bioassayed directly without dialysis. Polymyxin B and gramicidin S were added at a concentration of 4 × 103 units per mg of protein to membrane vesicle suspensions to determine their effects on scrapie infectivity. As in the studies with dioxane, the lipid-binding antibiotics were not removed prior to infectivity assays.
RESULTS

Polar lipids in membrane vesicles
Membrane vesicles before detergent extraction contained a wide variety of polar lipids, including phosphate-bearing glycerolphosphatides (phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, and phosphatidylinositol) . No qualitative differences between scrapie-infected and uninfected samples were observed.
(a)
Lipids of scrapie-inJbcted membrane vesicles Table 1 .
Neutral lipids in membrane vesicles
The neutral lipid composition of m e m b r a n e vesicles from scrapie-infected brain also was not qualitatively different when compared to vesicles from uninfected brain ( Fig. l a, b ; Table 1 ). Fig. 1 (a, b) shows that a highly fluorescent, very non-polar lipid is a major neutral lipid. The lipid is unidentified but had a relative migration similar to carotenoid fat-soluble vitamins such as retinylpalmitate (Table 1 ). The lipid was highly fluorescent under short-wave irradiation, and only slightly less so with long-wave excitation, as expected for a carotenoid-like compound. The Table I . Rr is reported × 100 in petroleum ether/diethyl ether/acetic acid (80:20:1 by vol.) on silica gel H. § Lipids were presumptively identified by relative migration. Key for lipids: CN, carotenoid; TG, triglyceride; ST, sterol; FAME, fatty acid methyl ester; DG, diglyceride; STE, sterol ester; FFA, free fatty acid. lipid took up iodine readily which is consistent with a carotenoid compound. However, this lipid was not base-labile like retinylpalmitate. The compound did not have a relative migration similar to any known tocopherol or D vitamin by TLC or HPLC (unpublished data). The lipid was also found associated with CsC1 fractions of detergent-extracted membrane vesicles (Fig. 4) .
Presumptive identification o]' neutral lipids from membrane vesicles from scrapie-inJected and uninJected hamster brain
(a) (b) (c) (d) (e)(f)
Gangtiosides and glycolipids in membrane vesicles
Gangliosides were found in the total lipid extracts removed from membrane vesicles by Bligh & Dyer extraction, and by butanol and pentanol even though these techniques are not appropriate for complete quantitative extraction of gangliosides (Fig. 2) . No qualitative differences in the ganglioside composition of healthy and scrapie-infected tissues were evident. One lipid did not stain with resorcinol but was positive for carbohydrate with c~-naphthol stain. The c~-naphthol-positive glycolipid was found in both scrapie-infected and uninfected tissue.
Polar lipids in CsCl fractions
No polar lipids, including glycerolphosphatides, could be found in lipid extracts from CsC1 gradient fractions by TLC and conventional visualization methods such as charring or phosphate stain. Radioiodination of lipids did show that perchloric acid-soluble lipids that were mobile in a TLC polar lipid solvent system were associated with the CsC1 fractions (Fig. 3) . The lipids had very low mobility, suggesting that they are extremely polar and highly water-soluble. They may be highly complex brain glycolipids, but further study is required for their identification. Two very small spots with relative mobilities equal to that of phosphatidylcholine and phosphatidylethanolamine could be found in the radioiodinated samples suggesting that there may be trace amounts of glycerolphospholipids associated with the CsCI fractions. 
Neutral lipids in CsCl fractions
In contrast to the small amounts of polar lipids associated with the detergent-extracted CsC1 fractions, a relatively large amount of neutral lipid was not removed by detergent extraction (Fig. 4) . Minor amounts of free fatty acids, diglycerides and monoglycerides were found in CsC1 gradient fractions from both heaithy and scrapie-infected tissue (Fig, 4, Table 2 ). The majority of neutral lipid remaining after detergent extraction and fractionation on CsC1 gradients was a single unidentified, very non-polar lipid. This lipid exhibited fluorescence under short-wave u.v. and readily absorbed iodine when exposed to iodine vapour. While we cannot positively identify the lipid, its relative mobility in solvent systems (Fig. 4) and by HPLC (unpublished data) suggests that it may be a carotenoid or some other vitamer.
U.v. absorbance oJ neutral lipids from CsCl.fractions
Total neutral lipids associated with CsC1 fractions from both infected and uninfected brain tissue were found to have a broad absorbance spectrum over the u.v. range usually used to inactivate viruses (250 to 280 nm). As noted above, the strong fluorescence exhibited by the major neutral lipid suggested that it was responsible for the u.v. absorption spectrum seen in the total lipid extract. This was confirmed after partial purification by normal phase HLPC. * Quantity of the individual classes of lipids was estimated by a quench char method. Charring of each individual lipid was compared to charring of known reference lipids of that class with the exception of the unidentified lipid which was compared to a mixture of carotenoids. Table 3 shows the results of solvent extraction, lipid-binding antibiotics, and dioxane on the infectivity of the scrapie agent in membrane vesicles or CsC1 fractions. Simple solvent extraction of membrane vesicles with butanol reduced infectivity from 108 LDs0 per ml to 106"5. Pentanol, which is less efficient in extracting lipids, was also slightly less efficient in reducing scrapie infectivity. Bligh & Dyer lipid extraction was found to be most effective in reducing infectivity in membrane vesicles. Polymyxin B and gramicidin S, which can bind and disperse glycerolphosphatides in membranes, failed to have any effect on the infectivity of the agent. Dioxane, which can alter the structure of membrane lipoproteins thus interfering with hydrophobic bonds, failed to reduce the infectivity of the scrapie agent in CsC1 fractions. * All titres are log~o LDso per ml as determined by incubation interval assay (Prusiner et al., 1981a) . The concentration of polymyxin B and gramicidin S was 4 x 103 units per mg protein, DISCUSSION Extensive qualitative analysis of the phospholipids, neutral lipids, and gangliosides extracted from membrane vesicles prepared from scrapie-infected or uninfected brain failed to reveal any discernible differences. This finding is consistent with recent studies using electron spin resonance which showed that spin probes in the hydrophobic core of phospholipid bilayers of scrapie-infected membrane were unperturbed except for slight effects at the terminal stages of the disease (Viret et al., 1981) . However, spin probes associated with hydrophobic portions of membrane proteins were perturbed early in the disease, suggesting rearrangement of certain membrane proteins (Viret et al., 1981) . In this study, we cannot account for the perturbation of the lipid-associated spin probe in the terminal stages of the disease. However, subtle alteration of the fatty acid side chains of glycerolphosphatides might account for the previously observed phenomena. We have not compared the fatty acid composition of infected cell membranes with fatty acids found in uninfected cell membranes. Other studies suggest alterations in fluidity of scrapie-infected membranes consistent with alterations in fatty acid composition (Rutter et al., 1981) .
Eflects of soh,ent extraction on infectivity
Previous studies havc shown that glycosides are incrcased and ganglioside composition is altered in Creutzfeldt-Jakob disease (Annunziata & Federico, 1981; Yu & Manuelidis, 1978) . We did not find any qualitative changes in the ganglioside composition of membrane vesicles from infected hamsters. The observation that the high passaged hamster-adapted scrapie agent produces very little spongiform degeneration (R. F. Marsh, unpublished results) may account for these differences.
The lipids that remain with the detergent-insoluble membrane residue after fractionation on CsC1 density gradients was also examined. CsCI gradient fractions with high scrapie infectivity were remarkably free of glycerolphosphatides that, for the most part, are responsible for maintaining bilayer integrity. Traces of several glycerolphosphatides could be found after radioiodination of lipids. Other highly polar and water-soluble lipids were also detected after radioiodination. These lipids may be complex brain glycolipids that are not quantitatively removed by detergent or solvent extraction. However, radioiodination of trace lipids does not provide uniform labelling. Therefore, further studies are required to quantify and identify the trace lipids and highly polar lipids associated with CsCI fractions. Furthermore, if the scrapie agent requires an essential lipid protein relationship or a membrane bilayer for infectivity, it is unclear at this time how the bilayer is maintained with the majority of glycerolphosphatides removed. Infectivity may be maintained in CsCI fractions without glycerolphosphatides by micelles formed from the trace glycerolphosphatides in combination with membrane proteins and detergents. If a significant amount of highly water-soluble brain glycolipid remains, it may participate in the formation of an essential bilayer or provide an essential boundary lipid required for infectivity. Previous studies on the Na+,K + ATPase of cytoplasmic membranes have shown that as little as 1 ~ of the original essential polar lipid is required for function of the enzyme after solubilization (Jorgenson, 1982) . Trace amounts of glycerolphosphatides found associated with CsCI fractions, similar to studies with the Na+,K + ATPases, may be enough lipid to maintain infectivity. However, other studies suggest that glycerolphosphatides may not be required for infectivity. Gramicidin S and polymyxin B, which bind to and disrupt biological membranes by interaction with essential glycerolphosphatides (Cooperstock & Riegle, 1981; Vostroknutova et al., 1981) , were shown in this study to be ineffective in reducing scrapie infectivity. Infectivity of the scrapie agent in CsC1 density gradient fractions was also unaffected by dioxane which can disrupt hydrophobic lipid protein interactions.
Infectivity of the scrapie agent in CsC1 fractions was reduced by simple solvent washing of the material with petroleum ether which removed neutral lipids. Reduction of infectivity by petroleum ether may result from damage to proteins that are essential for scrapie infectivity (Cho, 1983L as opposed to removal of an essential lipid or disruption of lipid-protein interactions. Highly effective lipid extraction procedures (Bligh & Dyer, butanol) were also effective in reducing scrapie infectivity, but these procedures may also result in extensive denaturation of proteins or extraction of highly hydrophobic membrane proteins. Previous studies have claimed that the scrapie agent contains a hydrophobic protein . Therefore, the effects of solvents and detergents on reducing scrapie infectivity might be due to removal or solubilization of a hydrophobic protein, or proteolipid, rather than removal of essential lipid. We have been unable to find any proteolipid that is removed by solvent extraction of CsCI fractions (Dees et al., 1985) . Loss of infectivity of the scrapie agent by solvents or detergent treatment is most likely due to denaturation of essential proteins, or to disruption of essential lipid-protein interactions in membranes containing the scrapie agent. Further studies are necessary to define precisely the effects on scrapie infectivity of treatments that disrupt hydrophobic interactions.
We also found that although CsC1 fractions with high scrapie infectivity are relatively free of glycerolphosphatides, a number of neutral lipids are not removed by detergent extraction. The major neutral lipid has characteristics of carotenoids, like retinylpalmitate, but the lipid is not affected by alkaline hydrolysis that would hydrolyse the ester bond in a retinylpalmitate-like vitamer. This major neutral lipid deserves further study since it absorbs u.v. radiation at wavelengths normally used to inactivate viruses by inducing photodimerization of bases in nucleic acids. Thus, previous suggestions that the scrapie agent may contain an essential nucleic acid that is protected from inactivation by u.v. radiation by cellular lipids may be correct (Latarjet, 1979; Kimberlin, 1982) .
